Background: Despite a lack of evidence of clinical efficacy for complementary and alternative medicine (CAM) use in amyotrophic lateral sclerosis (ALS), these medicines remain popular around the world. Objective: To examine the prevalence and cost of CAM use in ALS and CAM users' profile, decision-making, information seeking, and disclosure among ALS patients. Methods: A comprehensive literature search was conducted of MEDLINE, CINAHL/SCOPUS, and AMED databases from their inception to April 2018. This review followed PRISMA guidelines and employed a quality scoring system to assess the included papers. Results: Seven papers met the inclusion criteria and were thematically analysed. ALS patients utilized a range of CAM therapies and/or products, with acupuncture and vitamins being the most frequently reported. CAM modalities were often employed concurrently with conventional medications throughout the disease process. Although some ALS patients reported positive experience regarding CAM use, many were reluctant to disclose their CAM use to their clinicians. Research focusing on CAM use in ALS remains ad hoc and restricted to only a few countries. The rigour and quality of this research field to date has been varied, predominantly drawing upon regional/localized data and failing to report CAM users' characteristics. Conclusion: A proportion of ALS patients report utilizing CAM concurrently with conventional treatments. Such use, set amidst a dearth of evidence for the efficacy of CAM in ALS, poses potential direct and indirect risks to patient care, and medical providers should be mindful of and enquire about CAM use when treating ALS patients.
Introduction
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease primarily affecting the motor system and characterized by progressive degeneration of the motor neurons [1, 2] . The prevalence of ALS cases is estimated to increase by almost one third from 2015 to 2040 [3] . ALS poses a substantial economic burden and significantly influences the quality of life of patients, families, DOI: 10.1159/000492946 and wider communities [4, 5] . The average lifespan of ALS patients is approximately 2-4 years from the onset of symptoms [6] with no known cure for ALS at present [7] .
Patients who are aware of the absence of effective/curative treatments for their medical conditions often consider using complementary and alternative medicine (CAM) to relieve symptoms and/or improve quality of life, and this is no different for those with neurodegenerative diseases [8] [9] [10] [11] . CAM refers to a wide range of practices not traditionally included in the remit of the mainstream medical profession or medical curriculum [12] . Despite the widespread use of CAM among people with some neurodegenerative disorders [10, 11] , only one review paper focusing upon the clinical efficacy of CAM for ALS has been published to date [13] . This review reported the effect of most CAM as generally unproven with pockets of emerging evidence and highlighted conflicting evidence regarding the effect of dietary supplements, chelation therapy, and acupuncture for ALS management.
In light of the efficacy evidence vacuum for CAM in ALS, it is important to establish the details of CAM use by ALS patients in order to ensure safe, effective care free from potential risks. Unfortunately, there has been no critical review examining the prevalence and cost of CAM use in ALS, or ALS CAM users' profile, decision-making, information seeking, and disclosure. In response, this paper reports the results of a critical review of the contemporary empirical literature examining CAM use among ALS patients.
Methods
This review has been registered on the PROSPERO international prospective register of systematic reviews (#CRD42017082229). All data included in this review were extracted from published articles, thus no Ethics Board approval was required.
Search Methods
The databases MEDLINE, CINAHL via EBSCO, and AMED were searched from the inception years of these databases to April 2018 employing keywords and MeSH words for ALS and CAM: ("amyotrophic lateral sclerosis" OR "motor neuron disease" OR "Lou Gehrig's disease" OR "bulbar palsy" OR "muscular atrophy" OR "Charcot disease" OR "ALS" OR "MND" OR "progressive muscular dystrophies") AND ("complementary medicine" OR "complementary therapy" OR "alternative medicine" OR "alternative therapy" OR "acupuncture" OR "energy healing" OR "homeopathy" OR "osteopathy" OR "chiropractic" OR "Chinese medicine" OR "aromatherapy" OR "naturopathy" OR "massage" OR "vitamin" OR "dietary supplement" OR "meditation" OR "herbal medicine" OR "yoga"). Additional hand-searching via Google Scholar regarding the bibliographies of identified ALS-related review papers was undertaken to guarantee that all relevant literature was included.
Eligibility Criteria
The references obtained from each database were imported into EndNote X8. Three authors screened all retrieved titles and abstracts to identify papers reporting empirical research findings. The full texts of potential eligible articles were examined by the authors prior to inclusion and were excluded in those cases where the title and abstract failed to provide sufficient information. Articles were included in the review if they were published in peerreviewed journals, reported findings from empirical studies investigating the use of CAM in ALS (directly or among examination of ALS management more generally), and were written in English. Papers identified as clinical trials, editorials, commentaries, or case reports were excluded from the review.
Search Outcomes
The review followed the PRISMA guideline "Preferred reporting items for systematic reviews and meta-analyses" [14] . The initial search identified 2,537 papers after duplicates were removed. Of these, a total of seven articles from seven studies met the inclusion criteria and were included in the review. Figure 1 presents the PRISMA flowchart of the search process and paper selection. Tables 1 and 2 show general information on the research design and results of each article, respectively.
Quality Appraisal
A modified quality scoring system (Table 3) previously used for appraising CAM use literature in a variety of diseases/conditions was employed to assess the quality of the papers identified for our review [15, 16] . Three authors assigned scores to each paper separately utilizing the scoring system and any differences in score results across authors were resolved via discussion. Table 4 demonstrates the summary of the quality score of each paper.
Results
A critical review method was employed to extract and summarize the context and findings of the seven papers identified [17] . The findings identified were synthesized into four themes: "prevalence of CAM use in ALS", "CAM users' profile and cost of CAM use in ALS", "decisionmaking for CAM use in ALS", and "information seeking and disclosure to clinicians of CAM use in ALS".
Prevalence of CAM Use in ALS
Only two out of the seven papers included in this review reported a prevalence rate of CAM use among ALS patients [18, 19] . A cross-sectional study in Germany published in 2001 reported a CAM use rate of 54% among 171 ALS patients who were members of the German Association for Neuromuscular Disease [18] . Another cross-sectional study conducted in 2012-2013 in ALS patients from 12 hospitals in one Chinese city found that 99% of the respondents (n = 229) had used at least one CAM [19] .
All the quantitative studies identified described the CAM therapies used by ALS patients and the majority provided rates for individual CAM. Acupuncture [18] [19] [20] [21] and vitamins [18, 19, 21, 22] were the most commonly used CAM in ALS, followed by Chinese medicine [18, 19, 22] , massage therapy [19] [20] [21] , and dietary/herbal supplements [18, 21, 23] . The prevalence of acupuncture, vitamins, Chinese medicine, massage therapy, and dietary/ herbal supplements was reported to range from 2 to 51% (mean 26%), from 15 to 91% (mean 54%), from 11 to 95% (mean 52%), from 4 to 57% (mean 23%), and from 16 to 42% (mean 26%), respectively. Among the vitamin and dietary/herbal supplement use in ALS, the prevalence of vitamin E and coenzyme Q10 were particularly highlighted in four papers [18, 19, 21, 23] .
Notably, two studies showed that ALS patients were likely to use multiple CAM throughout the course of their patient journey. In a German study, some ALS patients reported using up to 11 CAM [18] . Approximately half of the ALS patients used more than five CAM in a Chinese study [19] . Additionally, three studies undertaken in Germany and China identified most ALS patients as concurrently using CAM alongside riluzole [18] [19] [20] .
CAM Users' Profile and Cost of CAM Use in ALS
Regarding the characteristics of CAM users or predictors of CAM use among ALS patients, only one German study published in 2001 reported rich information (e.g., age, gender, and duration of ALS). It is worth noting that 60% of patients in this German study who used CAM had limb onset of ALS [18] . Four studies included in our review examined the predictors of CAM use in ALS [18, 19, 21, 22] , showing that patients who used CAM were more likely to be younger [18, 21] and reported a higher income [18, 19] . Furthermore, two papers reported that gender was not a significant factor regarding Chinese medicine use among ALS patients [19, 22] . In addition, a study in Germany reported the average cost of CAM use as USD 4,700 per year with 65% of the CAM users identified in this study not eligible to receive health care reimbursement on CAM [18] . Another study in China reported the average cost of CAM use for ALS to be USD 270 per month per patient [19] .
Decision-Making for CAM Use in ALS
Only one qualitative study undertaken in Korea reported detailed perceptions of ALS patients and their family members regarding CAM use [24] . The data from this study showed that some ALS patients perceived all CAM as "functional health food" rather than medicine and some perceived that their CAM practitioners might overestimate the positive effect of CAM regarding the management of ALS.
A number of reported studies identified "slowing disease progression", "relieving symptoms", and "managing side effects associated with riluzole" as popular reasons for ALS patients seeking CAM use [18, 19, 21] . Concerning the relief of ALS symptoms via CAM use, magnesium and acupuncture/massage therapy have been used for the management of ALS-related cramps and pain, respectively [20] , and Chinese medicine was found to be used for weakness and fatigue, muscle atrophy, and/or limb pain [19] .
There appear to be no consistent findings regarding the patient-reported outcome of CAM in ALS as outlined in three studies in Korea, Germany, and China [18, 19, 24] . All these studies showed that some ALS patients reported CAM use as beneficial (ranging from 9% of 231 patients to 60% of 171 patients), and up to 63% of ALS patients continued to use CAM despite reporting no perceivable benefits from use [18, 19, 24] . However, a proportion of ALS patients reported receiving no benefits and some reported unwanted side effects from CAM use such as worsening of fasciculation and gastrointestinal discomfort [18, 24] . 
Information Seeking and Disclosure to Clinicians regarding CAM Use in ALS
Four identified studies reported ALS patients as drawing upon consistent information sources for CAM including "the internet" with the range of prevalence rates from 17 to 66% (mean 33%) [18, 19, 21, 24] , "friends or relatives" with the range of rates from 44 to 68% (mean 54%) [18, 19, 21] , and "clinicians" with the range of rates from 25 to 51% (mean 37%) [18, 19, 21] . More than 60% of ALS patients and their caregivers in a Chinese study considered the internet a primary referral source, which was almost double the number of those who sought help from a physician to gain CAM information [19] .
The same four studies reporting ALS patients' information seeking of CAM use also examined the attitude of clinicians towards CAM and its influence upon ALS patients' CAM use [18, 19, 21, 24] . Up to 78% of ALS patients only informed and discussed their use of CAM with their clinicians (i.e., neurologist or primary care provider) when the physician showed a positive attitude towards or were deemed to be "open" to CAM [18, 21, 24] . In contrast, three studies identified a substantial proportion of ALS patients who failed to inform their physician about their CAM use even in cases where they experienced some improvement in their symptoms following use [18, 19, 24] . This reported reluctance among some ALS patients using CAM to disclose such use to their physician was due to patients fearing their clinicians may subsequently decline care in response to continued CAM use [18, 24] .
Appraisal Outcomes
Seven studies were appraised by a quality scoring system and were identified to be of diverse methodological quality via the quality scores ( Table 4 ). The vast majority of these studies avoided high recall bias with the crosssectional study designs collecting data from ALS patients who used CAM within a 6-month period. Three of the reviewed studies failed to report a response rate > 75%. No study reported the ethnicity of participants and only three studies identified the socioeconomic characteristics of participating CAM users. Two studies neither explained the definition of CAM therapies to participants as part of their fieldwork design nor allowed participants to describe their CAM modalities used. Overall, the information regarding CAM use for the management of ALS and CAM user profile remains limited.
Discussion
This paper is the first critical review of international literature on CAM use among ALS patients. While the body of literature on CAM use in ALS is indeed small, it appears that this topic may be gaining some interest from the research community with five out of the seven studies identified in our review published since 2012. Such research interest has also been presented in the launch of an internet-based platform exclusive for ALS patientsALSUntangled (http://www.alsuntangled.com/). Information on the potential benefits of a range of CAM practices has been frequently requested by ALS patients via ALSUntangled, and the ALSUntangled team has published several narrative reviews on the effects and risks of various CAM for ALS.
Our review highlights a lack of research focusing upon the utilization of CAM in ALS, with only seven such studies identified to date. Only two of these seven studies have Two studies reporting the prevalence of CAM use among ALS patients indicate rates above 50% of their respective cohorts -a finding in line with the prevalence of CAM use identified among patients with other neurological and neurodegenerative diseases including multiple sclerosis [7, 25] . Among the CAM users identified in our review, some not only used multiple CAM during the course of their disease but also used CAM concurrently with riluzole for the management of ALS.
The reason for such CAM use in ALS remains unknown and this significant research gap needs further in-depth examination. In particular, medical practitioners need to be aware of the possible direct and indirect risks caused by the concurrent use of CAM and conventional ALS treatment(s) [10] -challenges further exacerbated by a finding of our review that ALS patients report significant levels of non-disclosure to clinicians regarding their CAM use. Therefore, communication and non-disclosure of CAM use and a more in-depth understanding of CAM user profile among ALS patients and their decision-making processes are ostensibly significant issues for all health care providers involved in the care of ALS patients. Indeed, the evidence shown in this review suggests that the response and attitude of the medical practitioner towards CAM may play a significant role in ALS patient decision-making around CAM use.
The existing positive perception and acceptance of CAM by ALS patients shown in this review add focus to a clinical debate regarding the relative merits of CAM for ALS in addition to conventional treatments. While multidisciplinary care is the gold-standard treatment for ALS at present [26] and is delivered by a coordinated team of health care practitioners [27] , the integration of CAM into such an approach is currently highly improbable. Further evidence of efficacy is required if CAM is to be systematically integrated as a complement to conventional care, and whether such concurrent use is worthy of time and investment from all involved in ALS patient care remains questionable in the absence of relevant empirical enquiry. Nevertheless, it is not feasible to ignore CAM use among ALS patients as either a research or clinical topic. Further research is necessary to explore in detail who, why, and how CAM is utilized by ALS patients as well as provide in-depth examination regarding the barriers and drivers of communication and disclosure around CAM use among ALS patients and clinicians. This future work can provide an essential evidence platform for all those managing, providing, and seeking ALS care and help to ensure ALS patient management remains safe, effective, and coordinated.
An important limitation of this critical review lies in the fact that all studies reviewed were restricted to English language peer-reviewed journal articles. Also, interpreting CAM use findings across all the studies is not without challenge due to the various practices and products included under CAM categorizations employed in different studies within and across countries. Nevertheless, this review provides the first critical evaluation of current research literature on CAM use among ALS patients, revealing insights for researchers, policy makers, and health care/medical providers regarding important aspects of ALS management and patient care.
Conclusions
Concurrent CAM use with medical treatments among ALS patients poses potential direct and indirect risks, and medical providers should be mindful of and enquire about CAM use among their ALS patients. Rigorous, large-scale research drawing upon national ALS patient samples is required to shed light on the details of CAM use and CAM users' profile and decision-making processes in order to help ensure effective, safe patient care for all ALS patients.
